. We haxe recently shoun bv site-directed mutag,enesis of N-glycosylation sites that. in MRP. this MSD contains an odd number of transmembrane helices and. in contrast to P-glycoprotein. the amino-terminus of MRP is extracytosolic .
substrates include the cvsteinvl leukotriene (LT) C4. 17-oestradiol 17-(D-glucuronide) and glutathione conjugates of activated aflatoxin (Leier et al. 1994 : Muller et al. 1994 : Loe et al. 1996b . c. 1997 . However. conjugation is not known to play an important role in the metabolism of most of the drugs included in the MRP resistance phenotype. and it has not been possible to demonstrate active transport of unconjugated substrates in vitro (Muller et al. 1994 : Jedlitschkv et al. 1996 : Loe et al. 1996b ). although we and others have demonstrated that MRP-mediated ATP-dependent transport of vincristine and aflatoxin B, can occur in the presence of reduced glutathione (Loe et al. 1996b : Bamouin et al. 1997 .
Numerous studies generally support the notion that P-glycoprotein plays a role in the druc resistance observed in several human malignancies (Filipits et al. 1996b) . Although studied to a lesser extent. MRP also appears to be clinically important in a number of haematological and solid tumours. including neuroblastoma. certain instances of drug resistant retinoblastoma. some subtypes of non-small-cell lunc cancer and breast cancer (Ota et al. 1995 : Filipits et al. 1996a : Giaccone et al. 1996 : Norris et al. 1996 : Chan et al. 1997 : Nooter et al. 1997 .
To facilitate both experimental and clinical studies of MRP. several MRP-reactive monoclonal antibodies (MAbs) have been generated (Fliens et al. 1994 : Hipfner et al. 1994 ). However. the epitope of only one of these. MAb QCRL-1. has been mapped to single amino acid resolution (Hipfner et al. 1996) . MAb QCRL-1 was raised against membranes from H69AR drua-resistant lungy cancer cells. which express high levels of MRP. We have previously determined that the critical core of its epitope is the heptapeptide (918SSYSGDI9 4) located in the cytosolic region linking, the first NBD to the third MSD of the MRP molecule. (Flens et al. 1994 ).
Mouse MAb QCRL-1 (Centocor Diagnostics. Malvem. PA. USA) w as raised against cell membranes from MRP-overexpressinc H69AR cells (Mirski et al. 1987 ) and has been shown to bind to the heptapeptide 911SSYSGD19'4 in the connector region of human MRP (Hipfner et al. 1994 (Hipfner et al. . 1996 . MRP-1 and MRP-2 are rabbit polvclonal antisera raised against two 15 amino acid peptides containina the actixe transport' family signature sequences from the first and second NBDs of MRP (amino acids 765-779 and 1427-1441 respectively) (Hipfner et al. 1996 ).
Generation of constructs, production of recombinant baculovirus and viral infection Figure 2 Immunoblots of formic acid digests of H69AR cell membrane proteins with MRP-reactive antibodies. Membrane proteins were prepared from H69AR cells, hydrolysed with formic acid and the resuftant polypeptides (20 gg per lane) were resolved by SDS-PAGE on Tns-Tricine gels followed by transfer to lmmobilon-P membrane. Duplicate lanes were probed with MRP-2 po4yclonal antiserum (left) and MAb MRPm6 (right). The positions of molecular mass markers are indicated between the two panels. The box diagram of MRP below the blots shows the approximate limits of the three membrane-spanning domains (MSDs) (shaded black), and the two nucleotide-binding domains (NBD) (shaded grey). The positions of the eight predicted formic acid cleavage sites are indicated, as is the location of the MRP formic acid fragmrent of approximately 16 kDa detected in the immunob4ots above X ectors was an initiator methionine residue. Recombinant bacmids and baculovirus of Sf2I/MRP.2,1 l and SF21/MRP,,1-l, were produced and used to infect Spodoptera frugiperda Sf21 cells as previously described (Gao et al. 1996) .
Preparation of membrane protein dot blots
Cells were harvested and membrane-enriched fractions were prepared as described (Hipfner et al. 1994 : Gao et al. 1996 . Membrane proteins in Tris-buffered saline (TBS) (10 num Tris-0.15 m. sodium chloride. pH 7.5) were blotted onto Immobilon-P polvvinvlidene fluoride membrane (PVDF) (Millipore. Mississauga. Ontario. Canada) using a 96-well vacuum manifold. After washinc with TBS/0.05%c . the blots were cut into strips. transferred to a 24-slot incubation trav and immunoblotted as described below.
Formic acid hydrolysis of MRP
Cell membrane-enriched fractions were prepared from MRP-overexpressing H69AR cells. Crude membrane protein (200 Ag) was pelleted by centrifugation at 100 000 g and resuspended in 100 gl of 70% formic acid. After incubation at 37C for 48 h. the sample was lvophilized. and the pellet was washed by resuspension in distilled water followed by lyophihzation. The final pellet was resuspended in Tricine sample buffer (BioRad. Hercules. CA. USA) and heated for 45 min at 40'C. Polypeptides were separated on a 16.5% Tris-Tricine gel. transferred to PVDF and immunoblotted as descnrbed below.
British Joumal of Cancer (1998) (Stride et al. 1997) were separated by SDS-PAGE and transferred to PVDF membrane. The membrane was cut into strips and blocked as above. MAbs MRPrl. MRPm6 and QCRL-1 (4 ng ml-) were mixed with increasing concentrations of peptide GSDLWSLNKE (0-200 ng ml-) or peptide PSDLLQQRGL (0-100 gg ml) in 1.5 ml of TBS-T containing 0.1% BSA and 0.005% sodium azide. After incubation for 45 mim at room temperature. the MAb/peptide mixtures were added to the strips. incubated overmight at room temperature and the strips processed as above.
RESULTS

Localization of the MAb MRPrl epitope
The approximate location of the MAb MRPrl epitope was determined by immunodot blot analysis of membranes prepared from 
Localization of the MAb MRPm6 epitope
We have previously reported that formic acid hvdroly sis of MRP is predicted to yield nine fragments ranging in size from 13 to 376 amino acids (Hipfner et al. 1996) (Figure 2 Figure 3B ). Free forms of the peptides GSDLWSLNKE and PSDL-LQQRGL w ere used in a competitive immunoassay to confirm the specificity of the interactions observed in the blots of immobilized peptides. Immunoblots of membrane proteins from MRP-transfected cells were probed with MAbs MRPm6. MRPrl and QCRL-1 alone or in the presence of increasing concentrations of free peptide. Peptide GSDLWSLNKE inhibited the binding of MAb MRPrl to MRP in a concentration-dependent manner. and almost completely inhibited binding inthis assay at a concentration of 40 ng ml-' ( Figure 4A) clinical specimens using MRP-reactix-e MAbs suggcest that MRP may be important in a variety of human tumours (Nooter et al. 1995 : Filipits et al. 1996a . b: Flens et al. 1996 : Chan et al. 1997 . In addition to being essential for studies in clinical samples. MRPreactive MAbs have also been extremel useful in structure-function analyses and topological studies of MRP (Bakos et al. 1996 : Gao et al. 1996 : Hipfner et al. 1996 : Loe et al. 1996b .c and 1997 . It may be anticipated that. analogous to MAbs for other ABC proteins (Shapiro and Ling. 1994 : O Riordan et al. 1995 : Illina et al. 1997 ). they will also prove useful for purification and (Paulusma et al. 1996 : Taniguchi et al. 1996 . and the recently published partial sequences for human MRP3. MRP4 and MRP5 suggest the existence of mammalian ABC proteins with exen greater sequence similarity (Kool et al. 1997 (Hipfner et al. 1996) . Indeed. even though the amino acid sequence of murine mrp is 88%c identical to that of human MRP. the QCRL-1 heptapeptide epitope is not conserved in the murine sequence. consistent with the lack of cross-reactivity of this MAb with the murine protein (Hipfner et al. 1996 : Stride et al. 1996 . Thus. knowledge of the QCRL-I epitope sequence provides assurance that this MAb is a highly specific probe for human MRP and makes it possible to use free peptide to compete for antibody binding in various immunoassays.
An alignment of the amino acid sequences of the MRPrl and MRPm6 epitopes in human MRP with the comparable regions in several MRP-related mammalian ABC proteins shows that. with the exception of murine mrp. these epitope sequences are poorly conserved ( Figure 5 ). The murine mrp sequence corresponding to the human MRPrl epitope differs by only one amino acid. a findinc consistent with the reported cross-reactivity of MAb MRPrl with murine mrp ( Figure 5A ) (Flens et al. 1994 : Lorico et al. 1996 . In view of the low conservation of the MAb MRPrl epitope in other known MRP-related proteins. it is reasonable to conclude that this MAb is specific for MRP/mrp. The MRPm6 epitope is also highly conserved in the murine mrp sequence and differs by only two amino acids (Asp'"' -) Glu''l': Leul' -+' Ile'"l) ( Figure SB ). These differences are verx conserxative and.
consequently. would not necessarily be expected to alter substantiallv recognition by MAb MRPm6. Therefore. it is somewhat surprising, that this MAb has been reported not to cross-react w-ith murine mrp. a findingxwe have confirmed by dot-blot analysis of Epitope mapping of MRP-specfl monckonal arntibodies 1139 mrp-enriched membranes (data not shown). These observations, together with the low level conservation of the epitope sequence among other known MRP-related ABC transporters ( Figure 5B ), indicate that MAb MRPm6 may be considered a human MRPspecific probe at present.
In conclusion, the data shown in the present study together with those of our previous investigations demonstrate that MAbs MRPrl, MRPm6 and QCRL-1 recognize highly specific linear epitopes of MRP and, further, that MAbs MRnPm6 and QCRL-1 are specific probes for the human protein. Because each of the three epitopes is in a different region of MRP, these reagents will continue to be extremely valuable tools for both clinical and structure-function analyses of this protein. We have previously described three additional MAbs, namely, MAbs QCRL-2, QCRL-3 and QCRL-4, which detect different confonnation-dependent intracellular epitopes in the MRP molecule (Hipfner et al, 1994) .
We have also determined that all three of these MAbs are capable of inhibiting the transport function of MRP when measured in inside-out membrane vesicles (Loe et al, 1996b (Loe et al, , c, 1997 . Accordingly, studies are in progress to map the epitope sequences of these MAbs because they are expected to provide important information about the sites and mechanism(s) of substrate binding and transport by MRP.
